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ABSTRACT
We report the discovery of a very diverse set of five low-surface brightness (LSB) dwarf galaxy
candidates in Hickson Compact Group 90 (HCG 90) detected in deep U- and I-band images
obtained with VLT/VIMOS. These are the first LSB dwarf galaxy candidates found in a com-
pact group of galaxies. We measure spheroid half-light radii in the range 0.7. reff/kpc.1.5
with luminosities of −11.65.MU.−9.42 and −12.79.MI.−10.58 mag, corresponding to
a color range of (U−I)0'1.1−2.2 mag and surface brightness levels of µU '28.1 mag/arcsec2
and µI ' 27.4 mag/arcsec2. Their colours and luminosities are consistent with a diverse set
of stellar population properties. Assuming solar and 0.02 Z metallicities we obtain stellar
masses in the range M∗|Z ' 105.7−6.3 M and M∗|0.02 Z ' 106.3−8 M. Three dwarfs are older
than 1 Gyr, while the other two significantly bluer dwarfs are younger than ∼ 2 Gyr at any
mass/metallicity combination. Altogether, the new LSB dwarf galaxy candidates share prop-
erties with dwarf galaxies found throughout the Local Volume and in nearby galaxy clusters
such as Fornax. We find a pair of candidates with ∼2 kpc projected separation, which may rep-
resent one of the closest dwarf galaxy pairs found. We also find a nucleated dwarf candidate,
with a nucleus size of reff '46−63 pc and magnitude MU,0 = −7.42 mag and (U−I)0 =1.51 mag,
which is consistent with a nuclear stellar disc with a stellar mass in the range 104.9−6.5 M.
Key words: galaxies: groups: individual: HCG 90 – galaxies: dwarf – galaxies: nuclei –
galaxies: spiral, elliptical and lenticular, cD.
1 INTRODUCTION
In recent years, deep observations conducted with wide-field imag-
ing cameras are reaching low-surface brightness (LSB) levels, com-
parable with the faint outer stellar halos of galaxies (µi ≈ 28 −
30 mag arcsec−2). Many LSB dwarf and/or ultra-diffuse galaxies
? Based on observations collected under program 094.B-0366 at the Very
Large Telescope of the Paranal Observatory in Chile, operated by the Euro-
pean Southern Observatory (ESO).
† E-mail:yordenes@astro.puc.cl
(UDGs) with 〈µi〉eff ≥ 25 mag arcsec−2 have been identified in a
range of environments including the Local Group (LG; see e.g. Mc-
Connachie et al. 2012; Koposov et al. 2015), nearby galaxies (e.g.
Javanmardi et al. 2016), loose galaxy groups like Centaurus A (e.g.
Crnojevic´ et al. 2015), and in more massive and dense galaxy clus-
ters like Fornax, Virgo, and Coma (e.g. Muñoz et al. 2015; Mihos
et al. 2015; van Dokkum et al. 2015; Koda et al. 2015). Such dense
environments where galaxy-galaxy interactions are relatively com-
mon are interesting sites to study dwarfs due to their susceptibility
to galaxy transformation processes (e.g. Lisker 2009; Janz et al.
2012; Rys´ et al. 2014, 2015).
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The varied environments where faint dwarf galaxies have been
detected so far make compact galaxy groups tempting places to
look for LSB dwarfs and UDGs. Hickson compact groups (HCGs)
are defined as small groups of four or more massive galaxies lo-
cated in relative isolation (Hickson 1997). Given that they rival
the cores of galaxy clusters as the most dense galaxy environ-
ments in the nearby universe (e.g. Rubin et al. 1991; Ponman et al.
1996; Proctor et al. 2004), and with typical velocity dispersion of
σ'200 km s−1 (Hickson et al. 1992), HCGs are expected to be the
ideal environment for galaxy mergers and tidal interactions (e.g.
Mamon 1992). Such events can also generate kinematically de-
coupled structures with active star formation, so-called tidal dwarf
galaxies (TDGs), which have masses similar to dwarf galaxies re-
sembling the metallicities of their hosts and lacking dark matter
(e.g. Kroupa et al. 2010; Gallagher et al. 2010). HCGs may also
host UDGs and constitute analogues to sites of dwarf galaxy pre-
processing before their infall onto larger clusters.
At a distance of 33.1 Mpc (m − M = 32.6 mag, see
Blakeslee et al. 2001), HCG 90 is one of the most nearby
compact galaxy groups accessible from the Southern Hemi-
sphere. The 19 known members have a group radial veloc-
ity of vr ' 2 600 km s−1, and a velocity dispersion of σ '
193 km s−1, typical of HCGs (Zabludoff & Mulchaey 1998). The
core is dominated by three bright galaxies (NGC 7173/HCG 90b,
NGC 7176/HCG 90c, NGC 7174/HCG 90d), with a fourth giant
galaxy (NGC 7172/HCG 90a) located to the north of the core (see
Fig. 1), which is a Seyfert 2 galaxy and a bright X-ray source. De-
spite the relative proximity, there have been no detailed studies on
its LSB dwarf galaxy population, as most attention has been paid
to the group’s bright and/or ultra-compact dwarf (UCD) (de Car-
valho et al. 1994; Ribeiro et al. 1994; Da Rocha et al. 2011), and
giant galaxies. This avenue of study is ripe for investigation, as
other HCGs have been shown to host faint dwarfs (Campos et al.
2004; Carrasco et al. 2006; Krusch et al. 2006; Konstantopoulos
et al. 2013), which are to be expected from theoretical considera-
tions, despite the dynamically more hostile environments in these
systems (Zandivarez et al. 2014).
HCG 90 is at an interesting stage of evolution. Several in-
dications of interactions between its galaxies are evidenced by
morphological disturbances, a diffuse X-ray halo, and intra-group
light (Mendes de Oliveira & Hickson 1994; Zabludoff & Mulchaey
1998; White et al. 2003; Desjardins et al. 2013). It is proposed that
current interactions between the core galaxies, strongly between
HCG 90b/d and weakly between HCG 90c/d, have given rise to dif-
fuse intra-group light that contributes ∼45 percent to the total light
(White et al. 2003). Additionally, a warm gas envelope is shared
by HCG 90b and d, while tidal bridges have been found between
HCG 90b, c, and d (Plana et al. 1998; Mendes de Oliveira & Hick-
son 1994). All this makes HCG 90 an intriguing laboratory to inves-
tigate interactions between giant and dwarf galaxies, and their star
cluster satellites. In this work we report the discovery of five LSB
dwarf galaxy candidates associated with HCG 90 based on deep
U- and I-band imaging, and compare their properties with those of
other LSB dwarf galaxies recently reported in the literature.
2 OBSERVATIONS AND DATA REDUCTION
We obtained deep near-ultraviolet (NUV) and optical imaging with
the Visible Multi-Object Spectrograph (VIMOS) instrument in the
U- and I-bands as part of the service-mode programme P94.B-0366
(PI: Taylor). VIMOS is mounted on UT3 (Melipal) of the Very
Figure 1. SDSS colored image of the central 21′×21′ region in HCG 90,
corresponding to 202 kpc× 202 kpc assuming a distance of 33.1 Mpc. Sev-
eral prominent group members are indicated on the figure. The rectangles
show the field of view of VLT/VIMOS. Note that due to severe guide-probe
vignetting during the service-mode observations we were not able to use the
upper left quadrant for our analysis (dashed rectangle).
Large Telescope (VLT), and is comprised of four CCDs each with a
7′×8′ field of view and a pixel size of 0.205"' 37.3 pc at a distance
of 33.1 Mpc. The four VIMOS quadrants were placed to cover the
four giant galaxies HCG 90a, b, c, and d, as well as several of the
known group galaxies (see Fig. 1).
The NUV observations were broken up into five observing
blocks (OBs) each consisting of 4 × 930 s exposures, conducted
during the nights of October 24-25th, 2014. An additional OB with
3 × 930 s was observed on November 18th, 2014; however, we
do not include these data in the present work due to the signifi-
cantly poorer seeing (∼ 1.8′′) compared to the previous observa-
tions (0.7− 1.2′′). The optical images were likewise taken under
excellent seeing conditions (0.6−1.0′′), and were broken up into
two OBs each of 6 × 546 s exposures conducted on October 1st
and 28th, 2014. All sub-integrations were dithered with steps of
a few arcseconds. One quadrant of the VIMOS field of view was
significantly vignetted by the guide probe and thus not used in the
subsequent analysis (see dashed box in Fig. 1).
The raw images were processed by the VIMOS pipeline
(v3.0.6) using the esorex (v3.12) framework to correct for bias,
flat-fielding, bad pixels, and cosmic rays. The background (sky)
subtraction and final image stacking were performed using custom
Python scripts. For the background subtraction, we mask objects in
the field, and model the sky with a thin plate spline rather than using
contiguous images to estimate the sky level. To register and stack
the individual exposures we use the astromatic1 software SEx-
tractor (v2.19.5; Bertin & Arnouts 1996), scamp (v2.0.4; Bertin
2006), and SWarp (v2.38.0; Bertin et al. 2002). For the astrometric
calibration we use reference stars from the 2MASS Point Source
Catalog (Skrutskie et al. 2006). Photometric zero points are calcu-
lated based on standard star fields from the Stetson catalog (Stetson
1 http://www.astromatic.net
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Figure 2. U-band VLT/VIMOS images of the new dwarf candidates, marked by red boxes. Panel A: The region around HCG90a and the galaxy ESO466-44 is
shown alongside candidate postage-stamp cutouts of the individual dwarf candidates. Panel B: A similar view of the core region of HCG 90 is shown. A new
dwarf galaxy candidate is indicated by the red box, while blue dashed boxes indicate a member previously catalogued by Zabludoff & Mulchaey (1998), as
well as a candidate potentially caught in the process of being tidally disrupted by HCG 90b.
Figure 3. Illustrations of the surface brightness light profile fitting procedure, conducted in both I- and U-bands, shown in the top and bottom panel rows,
respectively. For each of the three panels, the left-most postage stamps are the processed science frames in the corresponding filter, while the middle and
right-most cutouts show our galfit models and residual images, respectively.
2000) taken during the observations, which were processed in an
identical way as the science frames.
3 IMAGE ANALYSIS
The final U- and I-band stacks were visually inspected for dif-
fuse sources characteristic of dwarf galaxies, revealing five po-
tential candidates. The red boxes in Fig. 2 show the locations of
the new dwarfs, while blue boxes show a dwarf galaxy previ-
ously discovered by Zabludoff & Mulchaey (1998) and tidal de-
bris associated with HCG 90b. Four of the new dwarf candidates,
HCG90-DW1, -DW2, -DW3 and -DW4 (see Fig. 2, panel A), are
located between HCG 90a and ESO 466-44, while the fifth dwarf
candidate, HCG90-DW5, is located to the SE of the three central
HCG 90 galaxies (see panel B). Small postage-stamp panels show
more detailed views of the new dwarf galaxies. From top-to-bottom
in panel A we note a potentially nucleated dwarf candidate with
a compact central component, a LSB candidate with a relatively
undisturbed morphology, and lastly, a candidate with a very irregu-
lar shape. The latter object shows two components that potentially
represent a binary dwarf system similar to those identified in more
diffuse galaxy groups (e.g. Crnojevic´ et al. 2014).
The top postage stamp beside panel B shows the fifth dwarf
candidate, which is unfortunately heavily contaminated by fore-
ground stars that prevent accurate determination of its structural pa-
rameters. To the East of HCG 90b, we locate an object catalogued
by Zabludoff & Mulchaey (1998) as a member of HCG 90 which is
likely to be a dwarf galaxy; however, there are no further studies of
this object in the literature. In the bottom postage-stamp panel, we
show tidal features associated with the galaxy HCG 90b. This fea-
ture shows signs of an object caught in the act of disruption and/or
tidal stripping. For the five new dwarf candidates, we derive struc-
tural parameters and investigate their morphological properties.
The structural parameters for each dwarf candidate are deter-
mined using galfit (v.3.0.5.; Peng et al. 2010) following a multi-
step procedure. We first create individual 41′′ × 41′′ (7.4× 7.4 kpc)
cutout images centered on each candidate. Next we use the SEx-
tractor segmentation maps to mask the neighboring sources to
model only the dwarf light. In addition, an input PSF image is also
used, which is created using PSFex (v.3.16.1; Bertin 2011). The
surface brightness distributions are fit with a one-component Sér-
MNRAS 000, 1–7 (2016)
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Figure 4. Illustrations of the surface brightness profile fitting for the spheroid and central object of HCG90-DW4 in I and U-band (top and bottom panel rows,
respectively). The original image is shown in the left-most panel, then to the right follows the spheroid model with a spheroid-subtracted image. The following
two panels show the nucleus model and the residual, where spheroid+nucleus model was subtracted. In the right-most panel we show the radial profiles of the
spheroid Sérsic profile, the nucleus DW4n, and a stellar point spread function. Note that the nucleus, DW4n, is resolved and slightly more extended that the
stellar profile. The image panels for each filter are shown with a greyscale stretch that is equal for each panel.
Table 1. HCG 90 LSB dwarf candidate photometry and structural parameters. The last row summarizes the corresponding information for the central object
in HCG90-DW4 performed with Sérsic surface brightness model.
ID RA(J2000) Dec(J2000) MU,0 n U a reffU reff U
b b/a n I a reff I reff I
b (U − I)0
[hh:mm:ss.ss] [dd:mm:ss.ss] [mag] [arcsec] [kpc] [arcsec] [kpc] [mag]
HCG90-DW1 22:02:02.47 −31:46:31.87 −10.50 +0.02−0.09 0.51 5.27 +0.06−0.08 0.959 +0.011−0.014 0.67 0.42 5.53 +0.12−0.01 1.006 +0.021−0.001 2.21
HCG90-DW2 22:01:55.97 −31:49:29.46 −10.83 +0.08−0.10 0.42 6.06 +0.40−0.19 1.103 +0.072−0.034 0.65 0.57 8.34 +0.60−0.55 1.520 +0.108−0.099 1.96
HCG90-DW3 22:01:56.58 −31:49:35.86 −9.42 +0.04−0.03 0.35 3.76 +0.23−0.32 0.684 +0.042−0.058 0.55 0.48 4.67 +0.74−0.32 0.850 +0.134−0.058 1.16
HCG90-DW4 22:02:07.44 −31:45:07.32 −10.02 +0.1−0.2 0.41 4.11 +0.11−0.22 0.747 +0.021−0.040 0.95 0.58 4.43 +0.42−0.35 0.805 +0.076−0.063 2.12
HCG90-DW5 22:02:13.41 −32:02:04.39 −11.65 +0.2−0.2 0.35 5.68 +0.31−0.30 1.034 +0.056−0.054 0.65 0.31 5.81 +0.33−0.30 1.057 +0.055−0.060 1.14
HCG90-DW4n c 22:02:07.45 −31:45:07.12 −7.42 +0.1−0.2 0.69 0.35 +0.06−0.12 0.063 +0.010−0.022 0.48 0.71 0.25 +0.11−0.07 0.046 +0.020−0.002 1.51
a Sérsic index (Sérsic 1968; Caon et al. 1993);
b Assuming a distance of 33.1 Mpc (Blakeslee et al. 2001);
c HCG90-DW4 central object - Sérsic profile
sic profile (Sérsic 1968). As these dwarf candidates are LSB galax-
ies, galfit initially could not find stable fit solutions, except for
HCG90-DW1, for which the solution easily converged. For the rest,
we apply the same iterative technique developed for the recently
discovered faint dwarf candidates in the Fornax cluster (Muñoz et
al. 2015, see their § 3) to refine the fit. First, we estimate the to-
tal galaxy magnitude from SExtractor MAG_AUTO as an initial
guess and keep it fixed while fitting the Sérsic model. The output
parameters from this run are then fixed and the magnitude is recom-
puted. Finally, for the last run, we again estimate the parameters
keeping the newly measured magnitude fixed. The resulting mod-
els and residuals are visually inspected for each dwarf candidate
to confirm that the fits are robust, and we summarize the derived
structural parameters in Table 1.
Fig. 3 shows the best fit models derived for four candidates in
the U- and I-bands. For HCG90-DW4, the spheroid and the nuclear
star cluster are treated separately (see Fig. 4 and § 4). We point out
that the VIMOS PSF is fully accounted for in the surface bright-
ness profile fit of every component, in particular the central ob-
ject of HCG90-DW4. We correct the magnitudes for Galactic fore-
ground extinction (EB−V = 0.024 mag) using the latest Schlafly &
Finkbeiner (2011) recalibration of the Schlegel et al. (1998) dust
reddening maps. For HCG 90 the corresponding reddening values
are AU = 0.115 mag and AI = 0.04 mag estimated with the Fitz-
patrick (1999) reddening law (RV = 3.1). In general, the candidates
are well characterized in the U-band with average effective surface
brightness levels of 〈µU〉e ' 26.7−28.1 mag arcsec−2, and spheroid
effective radii of reff =4−6′′ corresponding to 0.68−1.10 kpc.
For the dwarf pair HCG90-DW2 and HCG90-DW3, a single-
component Sérsic profile did not result in a stable solution. How-
ever, we find that a two-component profile with different cen-
ters rapidly converges to a stable solution (see center panel in
Fig. 3). We thus consider the two components separately. While
both components of HCG90-DW2 and -DW3 are detected and fit in
both filters, the saturation of a nearby star prohibits a robust estima-
tion of their structural parameters in the I-band. Fortunately this is
not the case for the U-band, so that the profile parameters from this
filter can be used as first guess for the I-band surface brightness dis-
tribution fits. Despite finding a stable fitting solution, we point out
that this requires considerable manual interaction with galfit. Our
results imply that we are looking either at a dwarf pair (potentially
in projection) or an extended dwarf irregular system. Given that
MNRAS 000, 1–7 (2016)
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Figure 5. Left panel: The size-luminosity relation for dwarf galaxies. Effective radii vs. absolute U-band magnitude are shown for the LSB dwarf galaxy
candidates in HCG 90 (blue squares). Lines of constant average effective surface brightness are shown for 〈µU 〉e=30, 28, 26, 24 mag arcsec−2. Red circles are
the Fornax cluster dwarf candidates identified by Muñoz et al. (2015) and hexagons are the LG dSphs (McConnachie et al. 2012). The shaded area shows the
parameter space of known nuclear stellar discs (Ledo et al. 2010). Right panel: Color-magnitude diagram, U0 vs (U−I)0 for the HCG 90 dwarf candidates (blue
squares) and Fornax cluster dwarfs (red circles). SSP model predictions from Bruzual & Charlot (2003) are shown for three different total stellar masses (106,
107 and 108 M) from top to bottom. Iso-metallicity tracks are shown for Z = 0.05, 0.02, 0.2, 1.0 (thicker line), and 2.5 Z and ages older than 100 Myr. The
arrow in the upper left corner indicates a reddening vector corresponding to AV =0.5 mag.
we do not detect increased stochasticity in our U-band image that
would indicate star-forming regions, with the current information
we consider the dwarf pair scenario most likely.
Of the five new dwarf candidates, HCG90-DW4 represents the
sole example of a nucleated dwarf galaxy (dE,N; see Fig. 4). Its
spheroid component has reff ≈ 750 − 800 pc (see Table 1). Fit-
ting the central object (DW4n) with a Sérsic profile yields an
n ' 0.6 − 0.7 index, with reff ' 46 − 63 pc and a magnitude of
MU,0 = −7.42 mag. The corresponding nucleus to spheroid lumi-
nosity ratio is Ln/Lg'0.091, which is significantly above the 0.41
percent found by Turner et al. (2012) for bright Fornax early-type
galaxies, but is in line with the results from the Next Generation
Fornax Survey which found similarly elevated Ln/Lg ratios for
faint dwarf galaxies (Muñoz et al. 2015). We also find a moderate
ellipticity of the central source, but as we are near the resolution
limit of our data we cannot draw strong conclusions from this esti-
mate. A faint residual is left near the centre of the nucleus, visible
in the most right-panel of Fig. 4 for both bands. It is brighter in I
than in the U-band, with a similar position angle, which might be a
potential background source or a dust lane associated with the nu-
cleus itself. Higher spatial resolution data is required to obtain fur-
ther information about the morphology of this object. If DW4n is a
nuclear star cluster (NSC), it appears to be larger and fainter than
usual, falling well off the NSC and UCD size-luminosity relation
(see Fig. 13 in Georgiev & Böker 2014) while similarly comparing
unfavourably with extremely extended Galactic globular clusters
such as NGC 2419.
Finally, while contamination of HCG90-DW5 by foreground
sources makes the structural parameter estimation of its spheroid
component challenging, constructing a good mask for the surround-
ing objects allowed us to find a stable solution that is consistent
across both filters (see Fig. 3).
4 DISCUSSION AND SUMMARY
We present the discovery of five new LSB dwarf galaxy candidates
in HCG 90 based on VLT/VIMOS U− and I−band imaging. As-
suming distances concurrent with HCG 90 (D=33.1 Mpc), Table 1
lists their photometric and morphological properties. Three dwarfs
show typical reff ≈1 kpc, while HCG90-DW3 and DW4 are smaller
at reff ' 700− 850 pc. These reff are consistent with those found
by van der Burg et al. (2016) for dwarfs in galaxy clusters in the
sense that dwarfs at smaller cluster-centric radii are more compact
with reff <∼ 1 kpc due to harassment and tidal limitation by the hos-
tile intra-cluster gravitational field.
Fig. 5 (left panel) shows reff as a function of the absolute U-
band magnitude for the new candidates, compared to Fornax clus-
ter dwarfs (Muñoz et al. 2015, Eigenthaler et al. 2016, in prep.)
and the LG dwarf spheroidal (dSph) population, for which we es-
timate their U-band magnitudes based on the V-band luminosities
and metallicities available in McConnachie et al. (2012). With this
information and assuming 12 Gyr old stellar populations, we use
Bruzual & Charlot (2003) models (hereafter BC03) to obtain the
corresponding U−V colours to convert the tabulated V-band lumi-
nosities in McConnachie et al. (2012) to the corresponding U-band
fluxes. The new HCG 90 dwarf galaxy candidates have luminosi-
ties in the range of −11.65 ≤ MU0 ≤ −9.42 and −12.79 ≤ MI0 ≤
−10.58 mag, placing them in the magnitude regime of the average
Fornax cluster dwarf, but with somewhat larger effective radii at a
given luminosity. This combination places the HCG 90 dwarfs near
the surface brightness limit of the Fornax dwarf sample.
The right panel of Fig. 5 shows the U0 vs. (U − I)0 colour-
magnitude diagram (CMD) for the HCG90 and Fornax cluster
dwarf galaxies. Population synthesis model predictions from BC03
are shown for three different total stellar masses: 106, 107 and
108 M . Despite the well-known age-metallicity-extinction degen-
eracy, with only two photometric bands our diagnostic capabilities
are also degenerate with total stellar mass. However, as the redden-
ing vector primarily points parallel to the model isochrones, our
MNRAS 000, 1–7 (2016)
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Table 2. Age, metallicity and mass (AMM) estimates for all of the HCG 90
LSB dwarf candidates. The two groups (t1,Z1,M?,1) and (t2,Z2,M?,2)
show the stellar population parameter ranges, given the AMM degeneracy
and measurement uncertainties (see text for details). The last row gives the
corresponding information for the central object in HCG90-DW4.
ID t1 Z1 M?,1 t2 Z2 M?,2
[Gyr] [Z] [M] [Gyr] [Z] [M]
HCG90-DW1 ≥ 10 ≤ 0.02 108.0 ' 1 2.5 106.5
HCG90-DW2 ≥ 10 ≤ 0.02 108.0 ' 1 2.5 106.5
HCG90-DW3 ' 2 ≤ 0.05 106.3 ' 0.5 > 1 105.7
HCG90-DW4 ≥ 10 ≤ 0.02 108.0 ' 1 2.5 106.5
HCG90-DW5 ' 2 ≤0.05 107.2 ' 0.5 > 1 106.3
HCG90-DW4n ≥ 10 ≤0.02 106.5 0.7 - 1 >1 104.9
main limitation lies in the age-metallicity-mass (AMM) degener-
acy. With this in mind, we estimate approximate ages and metallic-
ities for the new dwarfs according to the model predictions.
DW1, DW2, and DW4 are likely to be older than 1 Gyr. Their
CMD parameters are consistent with metallicities . 0.02 Z and
ages & 10 Gyr at 108 M or super-solar metallicities for ages ∼
1 Gyr with SSP models scaled to 106.5 M. DW3 and DW5 have
bluer (U− I)0 colours and given all the AMM degeneracies, their
colours and luminosities are consistent with ages . 2 Gyr, unless
their stellar populations are metal-free, in which case they may be
a few Gyr older. If DW3 is ∼2 Gyr old its metallicity is 0.05 Z with
a total stellar mass of 106.3 M. If its metallicity is solar or higher,
its age estimate lies at ∼500 Myr with 105.7 M. Similar arguments
apply to the 2.2 mag brighter DW5, for which a mass of 107.2 M is
consistent with an age of ∼2 Gyr and a metallicity of 0.05 Z. If its
metallicity is solar or above, it would have an age of ∼500 Myr and
a total stellar mass of 106.3 M. However, we caution that due to
the severe contamination of the DW5 surface brightness model fits
(see Fig. 3), we consider its stellar population characterization to
be uncertain. In case of substantial internal reddening of the order
AV = 0.5 mag (see vector in the right panel of Fig. 5) ages would
increase by a factor ∼2−5, leaving the metallicity and stellar mass
estimates less affected. Clearly, supplemental near-infrared imag-
ing and/or spectroscopic observations are needed to provide more
robust stellar population parameter constraints.
Assuming ages and metallicities as predicted by the models
from the CMD, we estimate their stellar masses, M∗, from the BC03
mass-to-light ratios adopting two metallicities: 0.02 Z and Z. Our
measured colours and luminosities for the spheroid components
correspond to stellar mass ranges of M∗|0.02Z ' 106.3−108 M and
M∗|Z ' 105.7−106.5 M, with DW3 and DW2 being the least and
most massive dwarfs, respectively. For the nuclear object DW4n,
we estimate M∗|0.02Z ' 106.5 and M∗|Z ' 104.9 M. A summary of
the parameters can be found in Table 2.
All new LSB dwarf candidates are located within (projected)
70 kpc of the closest giant galaxy, although the limited VIMOS
field-of-view makes it entirely possible that yet more dwarfs ex-
ist at larger radii. These properties, combined with their morpholo-
gies, resemble dSphs found in the LG (see Fig. 5) with closest LG
dSph analogs being Fornax with reff = 710 pc (though with higher
surface brightness, µV,eff = 24 mag arcsec−2), Cetus (reff = 710 pc
and µV,eff = 26 mag arcsec−2), Andromeda I, II and XXIII with
(reff = 672, 1176, 1029 pc and µV,eff = 25.8, 26.3, 27.8 mag arcsec−2,
respectively; see McConnachie et al. 2012). Notably, the LG dSphs
have similar stellar masses of a few 106−107 M compared to the
HCG 90 dwarf candidates in this work.
The case of HCG 90-DW2 and DW3 is interesting in that
the light profile modelling solution strongly favours two dis-
tinct components seen closely in projection (see centre-panel of
Fig. 3). While we cannot reject the possibility that DW2/3 is a sin-
gle galaxy with an irregular shape, we may be observing a binary
pair of LSB dwarfs with a projected separation of < 2 kpc. Dwarf
binaries such as DW2/3 may not be unprecedented in the local uni-
verse. The most similar known systems are perhaps the LMC/SMC
pair in the LG or the NGC 4681/4625 association reported by Pear-
son et al. (2016), both with much greater separations of 11 and
(projected) 9.2 kpc, respectively. Intriguingly, DW2/3 are similar in
both structural parameters and on-sky separation to those reported
by Crnojevic´ et al. (2014), which together lie ∼ 90 kpc from their
own giant host NGC 5128. In any case, if this pair is truly physi-
cally associated, then it implies that dwarf-dwarf interactions may
not be uncommon in dense galactic environments.
The nearest dwarf to the core of the compact group is HCG90-
DW5 with potentially interesting properties. It is the brightest can-
didate with the bluest (U − I)0 = 1.14 mag colour index. Given its
stellar population properties (see discussion above) and consider-
ing its close projected proximity to the three interacting giants, we
suggest that this object may be a TDG arising from the tidal de-
bris of the interacting giants. Noting the above, this interpretation
is hampered by the contamination of DW5’s light profile and will
require careful follow-up observations to confirm.
The spheroid component of HCG90-DW4 appears to host a
central compact object (DW4n) with reff ≈ 46−63 pc. However, its
properties do not agree with those of a nuclear star cluster, which
are generally about 5−10× more compact and brighter than DW4n
(e.g. Georgiev & Böker 2014). Its size is marginally resolved by
our data. This is illustrated by its radial profile in Fig. 4, which is
slightly more extended than a stellar PSF. An alternative explana-
tion is that DW4n could represent a so-called nuclear stellar disc
(NSD). NSDs are typically located in the core regions of their host
galaxies and have reff of 10s to 100s of pc (van den Bosch et al.
1994) and are regularly found in early-type galaxies, but rarely in
spirals (Pizzella et al. 2002; Ledo et al. 2010). The shaded region
of Fig.5 (left panel) shows the parameter space of a sample of nu-
clear discs studied by Ledo et al. (2010) where DW4n is slightly
off from the faintest/smallest area of this range. DW4n’s colour and
luminosity are consistent with old ages > 10 Gyr and metallicities
0.02 Z at a stellar mass of 106.5 M or younger ages ∼ 0.7−1 Gyr
and super-solar metallicities with a total stellar mass of 104.9 M
(see Table 2).
On the other hand, if DW4n is a background source, then at
100 Mpc distance (e.g. Coma cluster), it would have reff ' 170 pc
and MU,0'−9.82 mag, and at 750 Mpc (e.g. Abell 1689 cluster) this
would increase further to reff ' 1.3 kpc and MU,0 ' −14.22 mag. In
these cases, HCG 90-DW4n falls on the faintest regions of the size-
luminosity relation of early-type galaxies (see Fig. 5). Nonetheless,
if it were an early-type galaxy we would expect a higher Sérsic in-
dex (e.g. n & 1), consistent with massive ellipticals. With the cur-
rent data we cannot confirm the nature of this object or its distance,
and despite a lack of observational evidence for NSDs in dwarf
galaxies, if DW4 is a member of HCG 90, then its structural param-
eters make it a good candidate for the first such object found inside
a faint and relatively compact LSB host. Spectroscopic follow-up
observations of DW4n should verify its HCG90 membership and,
thereby, shed more light on its true nature.
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Faint Dwarf Galaxies in HCG90 7
ACKNOWLEDGEMENTS
We thank the referee, Tyler Desjardins, for a constructive
referee report that help to improve the clarity of the pre-
sentation of our results. Y.O.-B. acknowledges financial sup-
port through CONICYT-Chile (grant CONICYT-PCHA/Doctorado
Nacional/2014-21140651). M.A.T. acknowledges the financial
support through an excellence grant from the "Vicerrectoría de In-
vestigación", the Institute of Astrophysics Graduate School Fund at
Pontificia Universidad Católica de Chile and the European South-
ern Observatory Graduate Student Fellowship program. T.H.P. ac-
knowledges the support through a FONDECYT Regular Project
Grant (No. 1161817) and BASAL Center for Astrophysics and As-
sociated Technologies (PFB-06). This research has made use of
the NASA Astrophysics Data System Bibliographic Services and
the NASA Extragalactic Database. Software packages used in the
analysis include Python/NumPy v.1.9.1 and Python/Scipy v0.15.1
(Jones et al. 2001; Van Der Walt et al. 2011), Python/astropy
(v1.0.1; Astropy Collaboration et al. 2013), and Python/matplotlib
(v1.4.2; Hunter 2007) as well as the astromatic suite.
REFERENCES
Astropy Collaboration, Robitaille, T. P., Tollerud, E. J., et al. 2013, A&A,
558, A33
Blakeslee, J. P., Lucey, J. R., Barris, B. J. et al. 2001, MNRAS, 327, 1004
Bertin, E., & Arnouts, S. 1996, A&AS, 117, 393
Bertin, E., Mellier, Y. et al. 2002, Astronomical Data Analysis Software and
Systems XI, 281, 228
Bertin, E. 2006, Astronomical Data Analysis Software and Systems XV,
351, 112
Bertin, E. 2011, Astronomical Data Analysis Software and Systems XX,
442, 435
Bruzual, G. and Charlot, S. 2003, MNRAS, 344, 1000
Campos, P. E., Mendes de Oliveira, C., & Bolte, M. 2004, IAU Colloq. 195:
Outskirts of Galaxy Clusters: Intense Life in the Suburbs, 441
Caon, N., Capaccioli, M., & D’Onofrio, M. 1993, MNRAS, 265, 1013
Carrasco, E. R., Mendes de Oliveira, C., & Infante, L. 2006, AJ, 132, 1796
Crnojevic´, D., Sand, D. J., Caldwell, N., et al. 2014, ApJ, 795, L35
Crnojevic´, D., Sand, D. J., Spekkens, K., et al. 2015, arXiv:1512.05366
Da Rocha, C., Mieske, S., Georgiev, I. Y., et al. 2011, A&A, 525, A86
de Carvalho, R. R., Ribeiro, A. L. B., & Zepf, S. E. 1994, ApJS, 93, 47
Desjardins, T. D., Gallagher, S. C., Tzanavaris, P., et al. 2013, ApJ, 763, 121
Fitzpatrick, E. L. 1999, PASP, 111, 63
Gallagher, S. C., Durrell, P. R., Elmegreen, D. M., et al. 2010, AJ, 139, 545
Georgiev, I. Y., & Böker, T. 2014, MNRAS, 441, 3570
Hickson, P., Mendes de Oliveira, C., Huchra, J. P., & Palumbo, G. G. 1992,
ApJ, 399, 353
Hickson, P. 1997, ARA&A, 35, 357
Hunter, J. D. 2007, CISE, 9, 90
Ibata, R. A., Lewis, G. F., Conn, A. R., et al. 2013, Nature, 493, 62
Janz, J., Laurikainen, E. and Lisker, T. et al. 2012, ApJ, 745, 24
Javanmardi, B., Martinez-Delgado, D., Kroupa, P., et al. 2016, A&A, 588,
A89
Jones E., Oliphant E., Peterson P., et al. 2001, SciPy: Open Source Scientific
Tools for Python, http://www.scipy.org/ [Online; accessed 2016-
05-10]
Koda, J. and Yagi, M. and Yamanoi, H. and Komiyama, Y. 2015, ApJ, 807,
L2
Konstantopoulos, I. S., Maybhate, A., Charlton, J. C., et al. 2013, ApJ, 770,
114
Koposov, S. E., Belokurov, V. et al. 2015, ApJ, 805, 130
Kroupa, P., Famaey, B., de Boer, K. S., et al. 2010, A&A, 523, A32
Krusch, E., Rosenbaum, D., Dettmar, R.-J., et al. 2006, A&A, 459, 759
Ledo, H. R., Sarzi, M., Dotti, M., Khochfar, S., & Morelli, L. 2010, MN-
RAS, 407, 969
Lisker, T. 2009, Astronomische Nachrichten, 330, 1043
Mamon, G. A. 1992, ApJ, 401, L3
McConnachie, A.W. 2012, AJ, 144, 4
Mendes de Oliveira, C., & Hickson, P. 1994, ApJ, 427, 684
Mihos, J. C., Durrell, P. R., Ferrarese, L. et al. 2015, ApJ, 809, L21
Muñoz, R. P., Eigenthaler, P., Puzia, T. H., Taylor, M. A., Ordenes-Briceño,
Y. et al. 2015, ApJ, 813, L15
Pearson, S., Besla, G. et al. 2016, MNRAS, tmp, 538
Peng, C. Y., Ho, L. C., Impey, C. D. and Rix, H.-W. 2010, AJ, 139, 2097
Pizzella, A., Corsini, E. M. et al. 2002, ApJ, 573, 131
Plana, H.,Mendes de Oliveira, C. et al. 1998, AJ, 116, 2123
Ponman et al. 1996, MNRAS, 283, 690
Proctor, R. N., Forbes, D. A., Hau, G. K. T., Beasley, M. A. et al. 2004,
MNRAS, 349, 1381
Ribeiro, A. L. B., de Carvalho, R. R., & Zepf, S. E. 1994, MNRAS, 267,
L13
Rubin et al. 1991, ApJS, 76, 153
Rys´, A., van de Ven, G., & Falcón-Barroso, J. 2014, MNRAS, 439, 284
Rys´, A., Koleva, M., Falcón-Barroso, J., et al. 2015, MNRAS, 452, 1888
Schlafly, E. F., & Finkbeiner, D. P. 2011, ApJ, 737, 103
Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 500, 525
Sérsic, J.L. 1968, Cordoba, Argentina: Observatorio Astronomico, 1968
Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, AJ, 131, 1163
Smith, R., Duc, P.-A.-, Bournaud, F. and Yi, S. K. 2015,
arXiv:1511.05574v1
Stetson, P. B. 2000, PASP, 112, 925
Turner, M. L., Côté, P., Ferrarese, L., et al. 2012, ApJS, 203, 5
van den Bosch, F. C., Ferrarese, L., Jaffe, W. et al. 1994, AJ, 108, 1579
van der Burg, R. F. J.,Muzzin, A. and Hoekstra, H. 2016, arXiv:1602.00002
Van Der Walt, S., Colbert, S. C. and Varoquaux, G. 2011, Comp. in Sci. and
Eng., 13, 22
van Dokkum, P. G., Abraham, R. and Merritt, A. et al. 2015, ApJ, 798, L45
White, P. M., Bothun, G., Guerrero, M. A. et al. 2003, ApJ, 585, 739
Zabludoff, A. I. and Mulchaey, J. S. 1998, ApJ, 496, 39
Zandivarez, A., Díaz-Giménez, E., Mendes de Oliveira, C., & Gubolin, H.
2014, A&A, 572, A68
This paper has been typeset from a TEX/LATEX file prepared by the author.
MNRAS 000, 1–7 (2016)
